Two Swedish isolates of Coxiella burnetii and the two prototype strains of the species, Nine Mile and Priscilla, were characterized with regard to their multiplication and cytopathic effect on BGM cells and by PCR-based amplification of repetitive element DNA and the C. burnetii-specific plasmids QpH1 and QpRS. Moreover, 1330 bp of each 16S rRNA gene were sequence-determined. All four strains multiplied at virtually the same rate and displayed the same type of vacuoles in the BGM cells. Genetic homogeneity was observed inasmuch as the 16S rDNA sequences were identical and the strains showed identical PCR amplification patterns using primers specific to enterobacterial repetitive intragenic consensus DNA sequences. The two Swedish strains and the Priscilla strain also showed identical patterns after PCR amplification of repetitive extragenic palindromic DNA sequences, whereas the Nine Mile strain demonstrated a similar, but not identical pattern. Thus, the investigated strains demonstrated very similar phenotypic and genotypic characteristics. This finding is discussed in view of the very rare occurrence of domestic Q fever in Sweden. z 1998 Federation of European Microbiological Societies. Published by Elsevier Science B.V.
Introduction
Coxiella burnetii is the etiological agent of the zoonotic disease Q fever [1] . The disease has a worldwide distribution. The most common reservoirs for the pathogen are cattle, sheep and goats. Infected animals secrete highly stable bacteria in urine, feces, milk and placenta [1] . These secreted organisms can be inhaled by humans and cause Q fever. The disease commonly presents as a self-limiting, £u-like disease with fever, headache, fatigue, and myalgia [1] . A minority of infected individuals develop a chronic form of the disease that often manifests as endocarditis, but also hepatitis and osteomyelitis have been described [2] . Strains of C. burnetii usually harbor plasmids and the two variants most commonly isolated have been designated QpH1, present in the type strain Nine Mile, and QpRS, present in the type strain Priscilla [3] . Attempts have been made to ¢nd a correlation between the clinical manifestations of Q fever and the type of plasmid carried by the etiological isolates [3] . However, at present there is no consensus on the subject [3^6].
Traditionally, identi¢cation of C. burnetii has relied on isolation of the organism in cell lines. A tentative identi¢cation can be obtained by observing the growth and cytopathic e¡ects of the bacteria and the identity can be veri¢ed by use of immuno£uores-cence techniques [7] . The cytopathic e¡ect is evidenced by a characteristic vacuolization in the parasitized cells. This identi¢cation is time consuming and molecular techniques, mainly PCR-based assays, have become a complement to traditional diagnostic methods [8, 9] .
Besides PCR-based assays, other molecular typing techniques have also been used for characterization of isolates. Sequencing of 16S ribosomal genes has revealed that C. burnetii isolates have a very close phylogenetic relation, more than 99% sequence homology, despite di¡erent geographic origins and phenotypic characteristics [10] . Pulsed-¢eld gel electrophoresis (PFGE) is another molecular technique that has been used for identi¢cation and typing of C. burnetii. Four patterns were demonstrated in one study of seven American strains [11] and, in another study, ¢ve additional patterns were found when 24 isolates from other parts of the world were investigated [12] . Although PFGE is a powerful technique for determining the relationship among isolates, it is a technically demanding and laborious method not well suited for routine use in clinical laboratories.
PCR ampli¢cation of repetitive extragenic palindromic (REP) and enterobacterial repetitive intergenic consensus (ERIC) DNA sequences has proved successful for di¡erentiating between species and for assessment of clonal relationships among bacterial isolates [13] . Such PCR techniques are based on the application of oligonucleotide primers speci¢c to families of short, highly conserved repetitive sequences. Both REP and ERIC sequences are present in species throughout the eubacterial kingdom [14] . By using appropriate PCR primers directed at these conserved sequences, multiple ampli¢cation products are generated and these genetic ¢ngerprints can be conveniently compared. The relative simplicity and high discriminative power of these techniques make them interesting alternatives to more technically demanding and time consuming techniques such as PFGE [12] . We therefore assessed whether the techniques could be used for typing of C. burnetii isolates.
In Sweden, only one probable case of domestic Q fever has been reported [15] and C. burnetii has been isolated twice from placentas of Swedish sheep [16] . Individuals exposed to these animals showed serological reactivity to C. burnetii but were not diagnosed with Q fever [17] . Thus, the existing epidemiological data indicate that Swedish isolates of C. burnetii rarely cause classical Q fever. In view of these observations, we asked whether the isolates could in any way be distinguished from C. burnetii strains isolated elsewhere in the world. The two Swedish strains have been included in one study employing PFGE [11] . The resulting patterns clearly distinguished the two isolates from the American type strains, whereas they showed identity to most European strains analyzed.
In the present study phenotypic and other genotypic characteristics of the Swedish strains were compared with those of the well-characterized American strains Priscilla, the chronic Q fever type strain, and Nine Mile, the prototype strain for acute Q fever isolates. The techniques included sequencing of 16S rDNA, ampli¢cation of sequences speci¢c to the plasmids QpH1 and QpRS, PCR ampli¢cation of REP and ERIC sequences and characterization of their growth in a cell line.
The results demonstrate that the four strains, despite their di¡erent geographical origins and tentative low contagiousness of Swedish C. burnetii strains, are surprisingly similar with regard to the investigated phenotypic and genotypic characteristics.
Materials and methods

Bacterial isolates
Bacterial strains included in the study comprised four strains of C. burnetii, the two Swedish isolates S1 and S4 isolated 1991 from sheep placentas [16] and the two American isolates Nine Mile from a tick and Priscilla from a goat. The American isolates were kindly provided by Dr. L.P. Mallavia.
Preparation of DNA from bacterial strains
Coxiella strains were propagated on a BGM (buffalo green monkey) cell line (Flow Laboratories, Germany). After 7 days of infection, extracellular bacteria were collected from the supernatants by differential centrifugation [17] . The pellet was washed once in PBS, resuspended in 100 Wl of lysis bu¡er containing 1% (w/v) SDS and 1 mg ml 3I proteinase K, incubated at 56³C for 1 h, and at 68³C overnight. The DNA was prepared by standard techniques from the cell lysates [18] .
Determination of bacterial counts of C. burnetii isolates
Monolayers of BGM cells were inoculated with bacteria at a multiplicity of infectivity of 100:1 (bacteria:cells). After 3, 5, and 7 days of infection, supernatants were collected and cells lysed by the addition of H P O for 5 min. The remaining cells were scraped o¡ and pooled with the supernatant, vortexed for 3 min, and incubated for 5 min. After a low speed centrifugation, the released bacteria were harvested by centrifugation at 10 000Ug for 45 min. The bacterial numbers of the C. burnetii isolates were determined 3, 5, and 7 days post inoculation. Serial log IH dilutions (10 3I to 10 3V ) were performed and the dilutions inoculated onto con£uent monolayers of BGM cells in shell vials [19] by centrifugation at 3700Ug for 30 min. The shell vial cultures were incubated at 37³C for an appropriate period, usually 3^7 days, before microscopic examination. The number of infective C. burnetii bacteria per ml of inoculum was calculated from the highest dilution yielding at least one infected cell.
Polymerase chain reaction
Samples were added to a PCR mix containing (at a ¢nal concentration) 200 WM dNTP mix, Taq reaction bu¡er (Advanced Biotechnologies, London, UK), 0.6 WM of each primer, and 3 mM MgCl P in a total reaction volume of 25 Wl. The primer pairs speci¢c to the QpRS and QpH1 plasmids have been described previously [20] . The tubes were heated to 80³C before the addition of one unit of thermostable Taq polymerase (Advanced Biotechnologies, London, UK). The reaction mixtures were subjected to 30 cycles of ampli¢cation in a DNA thermal cycler 2400 (Perkin Elmer, Norwalk, CT). An ampli¢cation cycle consisted of denaturation for 30 s at 94³C, primer annealing to the template at a temperature appropriate to each primer pair for 1 min, and primer extension at 72³C for 1 min. 5 Wl of each reaction was electrophoresed on a 1.5% agarose gel and the ampli¢ed products were visualized by UV light after ethidium bromide staining.
REP-PCR and ERIC-PCR
Primers used for ampli¢cation of REP and ERIC sequences have previously been published [21] . REP consensus sequence primers contained inosine at ambiguous positions. A 15-Wl mixture containing template DNA equivalent to the content of 10 S bacteria, 3 mM MgCl P , and AmpliTaq reaction bu¡er (Amersham International, Amersham, UK) was heated to 37³C for 15 min. In separate tubes, a 10-Wl mixture containing 2 units of AmpliTaq (Amersham, UK), 100 WM dNTP mix, and 0.8 WM of each REP primer, or 1.0 WM of each ERIC primer was heated to 95³C for 7 min before being mixed with the 15-Wl mixture. The reaction mixtures were then subjected to 40 cycles of ampli¢cation in a DNA thermal cycler 2400 (Perkin Elmer, Norwalk, CT). An ampli¢cation cycle consisted of denaturation for 1 min at 94³C, REP primers annealing to the template at 42³C for 2 min, or for ERIC primers at 52³C for 1 min, and primer extension at 72³C for 5 min. The PCR ampli¢cation was terminated at 72³C for 10 min. 5 Wl of each reaction was electrophoresed on a 2 or 3% agarose gel and the ampli¢ed products were visualized by UV light after ethidium bromide staining.
16S rDNA sequencing
DNA fragments were ampli¢ed from heat-killed lysates of C. burnetii strains by PCR using previously published universal primers speci¢c to 16S rDNA of eubacteria [22] . Ampli¢ed fragments were sequenced after puri¢cation from agarose gels using GenElute Agarose Spin Columns (Supelco Inc., Bellefonte, PA) and resuspended in H P O. Approximately 100 fmol of these puri¢ed fragments was sequenced in both directions by the dideoxynucleotide chain-termination method using the AmpliCycle sequencing kit (Perkin Elmer, Norwalk, CT) and K-[
QP P]dATP for labeling. The same primers were used for ampli¢cation and sequencing.
The
Nucleotide sequence accession numbers
The nucleotide sequences of the C. burnetii 16S ribosomal genes were submitted to the EMBL/GenBank/DDBJ data base and given accession numbers Y11499 for the Priscilla strain, Y11500 for the S1 strain, Y11501 for the S4 strain, and Y11502 for the Nine Mile strain. The sequence of the 220-bp fragment observed after ampli¢cation with REP primers of preparations from the Priscilla, S1, and S4 strains was given accession number AF010128 and the 400-bp fragment of the Nine Mile strain AF010129.
Results
Bacterial multiplication and morphological changes in infected cell lines
Growth of each of the four C. burnetii strains was assessed at various time points post inoculation. No signi¢cant di¡erences was demonstrated (Fig. 1) . Growth of C. burnetii resulted in a typical cytopathic e¡ect on parasitized cells, as evidenced by vacuolization, and regardless of the infecting isolate, microscopic inspection of infected cells did not reveal any gross di¡erences in the morphology of the vacuoles. Thus, neither of the bacterial isolates could be distinguished with regard to the phenotypic characteristics investigated.
Sequencing of 16S rDNA
By ampli¢cation using primers speci¢c to conserved regions of the 16S rRNA gene, overlapping fragments were ampli¢ed encompassing in total 1330 bp from the Nine Mile strain and the two Swedish isolates. These fragments were bidirectionally sequenced using the dideoxynucleotide chain-termination method. The 16S rRNA gene sequence of the Priscilla strain has previously been determined [23] and we sequenced 920 bp (positions 32^952) for con¢rmation. A complete identity was found between the four sequences.
Notably, we identi¢ed variations in seven positions and two additional nucleotides (positions 339 9) in the deposited sequence of the Priscilla strain that di¡ered from our sequences. As our sequences 
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did not reveal any ambiguities in these positions in the templates from each of the four strains, it is possible that the ambiguities resulted from artifacts due to the RNA sequencing used in the original investigation. Moreover, the four sequences showed at most two variations as compared to eight recently sequenced 16S rRNA genes of other C. burnetii isolates (accession numbers D89791^D89800).
Ampli¢cation of ERIC and REP
PCR ampli¢cation of extracted DNA from the four strains revealed identical or very similar patterns. Ampli¢cation by ERIC-PCR with degenerate primers yielded ¢ngerprint patterns with close to 10 clearly distinguishable bands (Fig. 2) . These bands ranged in size from approximately 250 to 1800 bp. Repeated ampli¢cation using ERIC primers resulted in the same patterns, identical for each of the four isolates.
REP-PCR resulted in patterns of similar complexity as did ERIC-PCR. Bands ranged from approximately 220 to 1700 bp and all except two bands were identical in these patterns (Fig. 3) . The smallest detectable band, 220 bp, was present in the patterns obtained from two Swedish isolates and the Priscilla strain, but not the Nine Mile strain (Fig. 3 ). In contrast, a weak 400-bp band was only visible in the pattern obtained from the Nine Mile strain (indicated with an arrow in Fig. 3) . Sequencing of the DNA puri¢ed from the 220-bp band of each of the three isolates and the 400-bp band yielded sequences 150^157 bp and 213 bp in length, respectively. The sequences of the 220-bp band from the Swedish isolates and the Priscilla strain were identical. None of the sequences revealed the presence of coding regions and no signi¢cant homology at the DNA level with any sequence of current data bases was found.
Although the strains displayed very similar patterns after repetitive element PCR, they were distinct from each of 15 patterns resulting from ampli¢cation of repetitive elements of other clinically relevant species. Thus, the analysis indicated that the C. burnetii isolates could readily be distinguished from other clinically relevant species by use of the technique.
Ampli¢cation with plasmid-speci¢c primers
PCR-based ampli¢cation using the QpH1-speci¢c primer pair resulted in amplicons from the Nine Mile strain and the two Swedish isolates (Fig. 4) , whereas the QpRS-speci¢c DNA fragment could be ampli¢ed only from the Priscilla strain.
Discussion
Q fever, the zoonosis caused by C. burnetii, is predominantly associated with sheep, goats, and cattle [1] . Usually, high numbers of bacteria are present in the reproductive organs of these animals and in accordance with this, the only Swedish isolates of the organism originate from sheep placentas [16] . Although sheep farms are rather common in some areas of Sweden, only one probable case of domestic Q fever has been reported [15] . It should be noted that the £u-like, self-resolving acute form of the disease may be misdiagnosed or, alternatively, a¡ected individuals may not seek medical attention. Nevertheless, the scarcity of reported cases of Q fever indicates that Swedish isolates may have a low virulence and could therefore display phenotypic or genotypic di¡erences from other, highly virulent isolates of C. burnetii. The present investigation was undertaken to determine whether such di¡erences could be demonstrated between the two existing Swedish isolates and the two prototypic C. burnetii strains, Priscilla and Nine Mile.
The phenotypic characteristics observed, rate of multiplication and cytopathic e¡ect on BGM cells, were all indistinguishable among the four isolates. The genotypic comparison based on sequencing of the 16S rRNA genes showed that the four analyzed sequences were identical. This is in agreement with previous comparisons of 16S rRNA sequences from C. burnetii isolates [10] and supports the monophyletic nature of the genus. A close relationship was further strengthened by PCR ¢ngerprinting. ERIC-PCR demonstrated identical patterns and REP-PCR showed similar patterns in the four isolates. Only the Nine Mile strain could be distinguished by REP-PCR, since it displayed a unique 400-bp band but lacked a 220-bp band present in the other strains. The results indicate that the repetitive element PCR may become useful for distinguishing C. burnetii isolates from isolates of other clinically relevant species, but not for discrimination within the species.
Although it has been shown that either PCR of REP or ERIC sequences may demonstrate identical patterns among isolates of di¡erent virulence or geographical origin, it appears as if the combination of the two methods usually enables discrimination of such isolates and it has even been proposed that PCR ¢ngerprinting can be used to elucidate the genetic basis of phenotypic variability for certain species (reviewed in [13] ). However, the present results indicate that this is not the case for C. burnetii isolates.
Previous studies using PFGE analysis indicated that many C. burnetii isolates could indeed be discriminated, as four patterns were observed among seven American isolates [11] and ¢ve additional patterns among 24 isolates, including S1 and S4, from other parts of the world [12] . This indicates that PFGE has a better discriminating power for C. burnetii than the DNA ¢ngerprinting techniques used here. Similarly, a superior discrimination by PFGE has been demonstrated in studies on other bacterial species [13] . Another molecular genetic technique utilized for di¡erentiation of C. burnetii isolates is restriction endonuclease digestion combined with SDS-PAGE separation [24] . This technique demonstrated that the investigated isolates formed six distinct groups.
The results of the plasmid-speci¢c PCR demonstrated that both Swedish isolates possessed the QpH1 plasmid. After the ¢rst demonstration of QpH1 and the QpRS plasmid in C. burnetii isolates, it was proposed that there is a correlation between type of plasmid present in a strain and the resulting form of Q fever [3] . The QpH1 plasmid was suggested to be representative of strains causing acute Q fever and the QpRS plasmid of strains causing chronic Q fever. In investigations on more recent isolates, the original observation has not been con¢rmed. In one study, the QpH1 plasmid was present in some 30% of 28 isolates, irrespective of whether they were isolated from patients with acute or chronic disease [4] . Similarly, plasmid typing and RFLP analysis of strains isolated from acute and chronic Q fever patients did not distinguish between the two groups [5, 6] . These rather recent ¢ndings indicate that alternative explanations for the di¡er-ent forms of Q fever have to be considered. Clinical observations suggest that the chronic form of the disease is commonly found in compromised patients [25] . Frequently these patients have been reported to have underlying heart valve damage, or, in some instances, to be immunocompromised. Such predisposing conditions, and not virulence-speci¢c factors expressed by the QpH1 or QpRS plasmids, seem to better explain the development of chronic Q fever [4, 5] . If this hypothesis is true, the presence of the QpH1 plasmid in the Swedish isolates is not predictive of their virulence.
In summary, the two Swedish C. burnetii strains could not be di¡erentiated by means of the methods used in the present investigation. Moreover, they could not be unambiguously di¡erentiated from the two American prototypic strains, which was more unexpected, as the two variants of repetitive element PCR usually display a high degree of speci¢city. One possible explanation for the ¢nding is an unusually small genetic diversity in the species of C. burnetii. This was further supported by the present and previous ¢ndings showing that C. burnetii 16S rRNA gene sequences are nearly identical.
